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Abstract Wood is an abundant and sustainable
source of emerging food ingredients, namely hemi-
celluloses that fulfil a number of requirements for
functional hydrocolloids. Hemicelluloses, especially
spruce galactoglucomannans (GGM) and birch glu-
curonoxylans (GX), have potential to be used as
stabilizers in various foods such as yogurts, beverages,
dressings, and desserts. However, in addition to good
technological functionality, safety, and low price, the
applicability and market potential of new hydrocol-
loids is determined by their sensory properties. The
present study reports, for the first time, the sensory
profile of spruce GGM and birch GX in food. Sensory
profiles from generic descriptive analysis of GGM-
and GX-rich extracts, processed by spray drying or
ethanol precipitation, were compared in three types of
model food systems: water solutions, yogurt with
solutions, and yogurt with emulsions stabilized by
GGM or GX. Gum Arabic was included for compar-
ison with a commercial ingredient known to have a
mild flavor. The results showed that GGM and GX
have a woody flavor, which can be reduced by ethanol
precipitation and, in yogurt, masked by other food
ingredients.
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With emerging biorefineries, industries are exten-
sively exploring pathways to valorize lignocellulosic
biomass in various alternative products (Mikkonen
2020). Hemicelluloses are abundantly available, con-
stituting 20–35% of wood biomass (Sjöström 1993).
Technologies already exist to efficiently separate
wood hemicelluloses, lignin and cellulose (Von
Schoultz 2015). These processes contribute to more
economic use of natural resources, and respond to the
strategic aim for resource-wise circular economy
(European Commission 2019). To make the industrial
recovery of hemicelluloses worth investment, devel-
opment of value-added applications is needed.
Hemicelluloses are non-cellulosic polysaccharides
that occur in the cell walls of all terrestrial plants.
Abundant industrial sources for wood hemicelluloses
include thermomechanical pulping process water
(Willför et al. 2003), saw meal (Kilpeläinen et al.
2014), or pre-hydrolysate of dissolving pulp, which is
often burnt at low efficiency (Saadatmand et al. 2013).
Softwoods contain 20–25 wt% hemicelluloses, mainly
galactoglucomannans (GGM), while hardwoods con-
tain 25–35 wt%, the majority of which are glu-
curonoxylans (GX). In the Nordic countries, pine
(Pinus sylvestris), spruce (Picea abies), and birch
(Betula sp.) are the most important industrial wood
species (Luke-Natural Resources Institute Finland
2019). Wood hemicelluloses are not currently isolated
for industrial use, but they show great potential as
novel food hydrocolloids (Mikkonen et al. 2016a, b;
Valoppi et al. 2019b).
The food industries are actively seeking new
natural ingredients and additives that fulfill multiple
requirements (McClements et al. 2017). Successful
food compounds need to be not only safe and
economical, but also have desirable functional and
sensory properties. Wood hemicelluloses have unique
properties compared to previously known hydrocol-
loids. Spruce GGM and birch GX showed excellent
emulsification and stabilization capacity in rapeseed
oil-in-water emulsions, being more efficient stabiliz-
ers than widely used gum Arabic (GA) (Mikkonen
et al. 2016a, b). GGM and GX did not form high
viscosity in aqueous solutions due to their intermedi-
ate molar mass of ca. 7000–10000 g/mol (Mikkonen
et al. 2016a), but they showed capacity to reduce the
surface tension of water (Mikkonen et al. 2019). GGM
adsorbed at the oil–water interface and stabilized it
(Bhattarai et al. 2019). Furthermore, due to the
presence of lignin-derived phenolic residues that act
as antioxidants, GGM and GX efficiently protected
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emulsified lipids against oxidation (Lehtonen et al.
2018; Lahtinen et al. 2019). The presence of phenolic
compounds is expected to affect the sensory properties
of hemicelluloses, including color, odor, and taste
(Valoppi et al. 2019b). However, the isolation tech-
nique and possible purification steps affect the content
of phenolic compounds in hemicelluloses (Mikkonen
et al. 2019; Valoppi et al. 2019a).
GGM- and GX-rich wood extracts can be recovered
without harmful chemicals e.g. by pressurized hot
water extraction (PHWE), where only water is used as
a solvent (Kilpeläinen et al. 2014). Our recent
literature review on the potential use of GGM as a
novel food source concluded that safety hazards would
be highly unlikely (Pitkänen et al. 2018). On the
contrary, positive health effects are expected to arise
from the beneficial degradation products generated by
human gut microbiota (La Rosa et al. 2019). Tests with
a rat model indicated that GGM controls prostate
inflammation through gut metabolites and changes in
the gut microbiota (Konkol et al. 2016, 2019). GGM
and GX were also identified to be suitable for sheep
feed (Rinne et al. 2016). However, GGM and GX do
not currently have a food grade status as ingredients or
additives, and thorough safety evaluation for novel
foods is required (Pitkänen et al. 2018). To promote
development of these sustainable hydrocolloids,
including the novel food evaluation, information on
the sensory attributes of GGM and GX is essential, as
the sensory quality affects the consumers’ acceptance
of new products and can determine the potential uses
and applications of a new ingredient (Tuorila 2015).
Therefore, sensory profiling is an essential part in
developing novel food ingredients.
Systematic sensory profiling of spruce GGM and
birch GX or products therefrom has not been per-
formed previously. Sensory profiling of foods is often
done by trained sensory panelists using generic
descriptive analysis (Lestringant et al. 2019). In
descriptive analysis, sensory attributes important for
the studied samples are first defined qualitatively, and
then the intensities of the attributes are measured
quantitatively (Lawless and Heymann 2010). Results
of a descriptive analysis are often visualized as a
spider chart (sensory profile).
The aim of the present work was to systematically
define the sensory profile of spruce GGM and birch
GX in water and in complex yogurt-based food
products. The hypothesis was that GGM- and GX-
rich wood extracts may introduce unique sensory
properties and that the sensory profile of GGM and GX
is influenced by the food matrix (yogurt). This study
reveals the characteristics of GGM and GX as novel
wood-based food hydrocolloids, and supports future




GX-rich birch extract and GGM-rich spruce extract
were recovered from wood saw meal by semi-pilot
scale pressurized hot water extraction (PHWE) as
described earlier by Kilpeläinen et al. (2014). Batches
of about 100 kg fresh birch and spruce sawdust
were extracted at 170 C for 60 min. A total of 21%
sawdust was extracted with PHWE. Hemicellulose
yield was 16 wt% of birch sawdust containing 87%
GX, 6% mannans, and 6% other carbohydrates,
and 18% of spruce sawdust containing 82% GGM,
16% xylans and 2% of other carbohydrates. The
extracts were then concentrated by ultrafiltration
(Bhattarai et al. 2019), and either spray-dried (sGX
and sGGM) or ethanol-precipitated (eGX and eGGM).
The content of carbohydrates, phenolic compounds,
and extractives as well as molar mass of hemicellu-
loses is presented in Table 1 (Mikkonen et al. 2019).
The amount of phenolic compounds was determined
spectrophotometrically by the Folin–Ciocalteau
method (Mikkonen et al. 2019). Nuclear magnetic
resonance spectroscopy showed that the phenolic
compounds were mainly composed of native lignin
(Lahtinen et al. 2019).
Spray-dried Gum Arabic (GA) (CEROSPRAY K,
C.E. Roeper GmbH, Germany) was used as a
comparison sample. The GA was mainly composed
of arabinogalactan. Its carbohydrate content was 835
mg/g, molar mass was 194,000 g/mol (Mikkonen et al.
2016b), and characterization by ultrahigh performance
liquid chromatography coupled with diode array and
fluorescence detectors showed that it contained a
negligible content of phenolic compounds (Lehtonen
et al. 2016). Low-lactose strawberry yogurt (2.0%
milk fat, Valio Ltd) was bought from a local super-
market. Rapeseed oil (Keiju, Bunge Finland Ltd,
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Raisio, Finland) was used as the lipid phase in
emulsions.
Preparation of samples
Three types of samples were prepared from sGX, eGX,
sGGM, eGGM, and GA for the sensory analysis:
(I) aqueous solutions, (II) solutions mixed with
strawberry yogurt, and (III) hemicellulose or GA-
stabilized rapeseed oil-in-water emulsions mixed with
the strawberry yogurt (Table 2). The final hemicellu-
lose or GA content in all samples was 0.5 wt%.
To prepare the solutions, hemicelluloses or GA
were dispersed in tap water by magnetic stirring for 2
h. To test these solutions in yogurt, 5 wt% of the
solutions (containing 10 wt% of hemicellulose or GA)
were added to yogurt and mixed with a spoon. Plain
water (5 wt%) was added to yogurt to obtain a
reference sample with similar viscosity to that of the
yogurt with hemicellulose/GA solutions, which have
very low viscosity at low to medium concentration
(Mikkonen et al. 2016a). To prepare oil-in-water
emulsions (50 wt% rapeseed oil, 10 wt% hemicellu-
loses or GA, 40 wt% tap water), the oil was added on
top of the hemicellulose or GA solutions. Emulsifica-
tion was done by mechanical mixing using an Ultra
Turrax (T-25 Basic, IKA, Germany) bench-top
homogenizer at 11,000 rpm for 5 min. Emulsions
(5%) were added to the strawberry yogurt to achieve
the same final hemicellulose or GA content as in the
solutions (I) and yogurt samples with solutions (II).
Rapeseed oil content of the yogurt samples with
emulsions was 2.5%, and total fat content was 4.4%.
Droplet size measurement
The droplet size distribution of hemicellulose- and
GA-stabilized emulsions was determined immediately
after preparation, using static light scattering (Master-
sizer 3000, Malvern Panalytical, UK).
Sensory analysis
The sensory analysis was conducted in the sensory
laboratory at the University of Helsinki during June-
September 2018. An ethical statement was requested
from the University of Helsinki Ethical Review Board
in the Humanities and Social and Behavioural
Sciences, concerning the use of human evaluators to
taste wood hemicelluloses that have not been regarded
thus far as food ingredients or additives according to
legislation. The literature survey by Pitkänen et al.
(2018) and chemical analyses gave a strong indication
of the safety of wood hemicelluloses in edible
products. The ethical review board approved the
research plan, which did not include swallowing of the
hemicellulose samples.
Table 1 Chemical composition of the hemicelluloses (Mikkonen et al. 2019)
Carbohydrates (mg/
g)
Total phenolic compounds (mg/g Gallic acid equivalent) Extractives (mg/
g)
Molar mass (g/mol)
sGX 578 71.1 10.5 4000
eGX 689 10.8 0.83 4300
sGGM 710 48.7 5.1 8200
eGGM 784 15.8 0.36 8200
Table 2 Hemicellulose and comparison samples used in sensory evaluations in experiments I-III
sGX eGX sGGM eGGM GA
Experiment I Hemicellulose-water solutions
Experiment II Hemicellulose-water solutions added to strawberry yogurt
Experiment III Hemicellulose-rapeseed oil in water emulsions added to strawberry yogurt
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Panel
A trained sensory panel (n = 08–10 panelists/experi-
ment) was used in the study; each experiment included
almost the same panelists. The panelists were employ-
ees, mostly researchers, of the Department of Food
and Nutrition, University of Helsinki. All panelists had
at least some previous experience in acting as a
sensory panelist. The panelists signed the informed
consent before joining the study.
Procedure
Sensory characterization of the samples was done
using generic descriptive analysis with consensus
training, described by Lawless and Heymann (2010).
The generic method was modified as appropriate for
the purposes of each experiment. The study consisted
of three experiments: (I) evaluation of aqueous
solutions, (II) evaluation of yogurts containing the
solutions, and (III) evaluation of yogurts containing
the emulsions. In the first experiment, the panelists had
one training session (* 1.5 h) and two evaluation
sessions (replicates). Only one training session was
required for this experiment because the samples were
relatively simple aqueous solutions without obvious
variation in texture/mouthfeel. Panelists described the
appearance, smell and taste of the solutions with
several attributes. Opacity, brown color (Fig. 1), wood
odor, overall odor intensity, astringency, bitterness,
wood taste, and aftertaste intensity were the properties
that all panelists agreed upon and were thus selected to
be evaluated.
In both the second and third experiments, the
panelists had two training sessions (* 1.5 h each) and
two evaluations. In the training sessions, panelists
evaluated samples visually, and by smelling and
tasting. Panelists were encouraged to suggest any
possible sensory attributes they found in the samples,
especially when they observed differences among the
samples. All of the suggested attributes were listed and
discussed together. The visual, odor and taste
attributes that all panel members agreed upon were
selected to be used in the evaluations. In contrast to
hemicellulose-water solutions, the panelists did not
perceive astringency or bitterness in the yogurt
samples. Based on the opinions of the panelists,
pink–brown color, wood odor, strawberry odor,
strawberry taste, wood taste, and wood aftertaste were
selected for evaluation in the second experiment.
Pink–brown color (Fig. 2), strawberry odor, wood
odor, thickness in spoon, strawberry taste, wood taste,
and aftertaste intensity were selected for evaluation in
the third experiment, since all panelists agreed on
finding them in the samples (Table 3). Reference
samples were also decided in the training ses-
sions.During the evaluation sessions, the selected
attributes were evaluated using visual analog scales.
Data were collected using Fizz software (version 2.51,
Biosystemes, Couternon, France). Responses to the
scales were converted to numerical data (0–10,
corresponding to 0–100% distance from the left end
of a scale). From the start of an evaluation session, all
samples of the given experiment were available to a
panelist in a sensory evaluation booth; all attributes
related to a sensory modality (e.g. smell) were
evaluated for a given sample before evaluating the
same attributes for the following sample (on a separate
screen). Only after evaluating all samples for a
particular sensory modality, the panelist was allowed
to proceed to evaluate attributes of the next sensory
modality (without return option).
Samples were coded using 3-digit random codes
and presented to the panelists in a randomized order.
Tap water was provided for palate cleansing. The
second evaluation was a repetition of the first one.
Samples listed in Table 3 were used as references for
the extreme ends (points 0 and 10).
Data analysis
The data was analyzed using IBM SPSS Statistics 25
software (Armonk, New York, USA). For each
experiment, data from the two evaluation sessions
(replicates) were averaged, and differences among the
samples (within an experiment) were studied for each
attribute using one-way analysis of variance
(ANOVA) with Tukey’s Post Hoc test. The criterion
for statistical significance was set to alpha = 0.05.
Results
Experiment I: hemicellulose-water solutions
The plain wood hemicellulose solutions were first
analyzed to determine their sensory profile without
other food components. The sGGM and sGX solutions
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were opaque and brown, and they had a strong wood
odor and taste. They were also astringent and bitter,
sGX more so than sGGM. The eGGM solution was
brown in color, but did not have a remarkable wood-
like odor or taste. The eGX solution showed very low
bitterness and astringency, and it did not have wood
odor or taste (Fig. 3). Differences between spray-dried
(sGX and sGGM) and ethanol-precipitated (eGX and
eGGM) hemicelluloses were more notable than dif-
ferences between the wood species (spruce GGM or
birch GX). The statistically significant differences
Fig. 1 Evaluation of the intensity of the brown color
(experiment I). Samples in the front, reference samples behind.
Samples from left to right: 0.5 wt% GA, eGX, sGGM, sGX, and
eGGM in water. Reference samples from left to right: water,
burned sugar 0.0004%, 0.002%, 0.01% and 0.02%
Fig. 2 Evaluation of the pink–brown color using the Pantone standard color map. Samples from left to right: yoghurts with sGGM,
sGX, eGGM, eGX, GA, and water. Scale from left to right: 481U, 482U, 5035U, 503U, 496U and 495U
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between samples from the Tukey’s test are shown in
Table 4.
Experiment II: yogurts with hemicellulose
solutions
Yogurt was used as a model food product to charac-
terize the sensory profile of hemicelluloses in a
complex matrix with other components such as
proteins, lipids, and flavor compounds. The studied
samples formed two groups based on their sensory
profile; the sGX and sGGM formed one group, and the
other samples formed another group with a similar
profile. Wood taste and aftertaste was found in yogurts
containing sGX and sGGM, which also showed a
brownish color. The yogurt samples with eGX,
eGGM, and GA did not show remarkable wood odor
or wood taste, and their color was pinker than that of
the sGX and sGGM samples. Strawberry odor and
taste were less intense in the yogurts with sGGM and
sGX compared to the other samples, and may have
been masked by the woody flavor (Fig. 4; Table 5).
Experiment III: yogurts with hemicellulose
emulsions
Droplet size distribution
The droplet size distribution and average droplet size
of emulsions added to yogurt were determined to
confirm the distribution of oil in the matrix as fine
droplets. All emulsions showed a unimodal droplet
size distribution (Fig. 5). All GGM- and GX-stabilized
emulsions showed a small D[3,2] average droplet size
of 3–4 lm (Table 6). The GA-stabilized emulsion
differed from the wood hemicellulose emulsions, as it
had a much higher D[3,2] average droplet size of 12.4
lm. The difference between wood hemicellulose- and
Table 3 Evaluated sensory attributes, labels of scale end points, and corresponding reference samples used
Attribute Experiment Reference at 0 Label at 0 Reference at 10 Label at 10
Appearance
Opacity I Water Transparent Cloudy apple juice Very opaque
Intensity of brown color I Water Not at all Burned sugar solution
0.02%
Intense brown
Pink–brown color II, III Pantone color
481U
Brownish Pantone color 495U Pinkish
Odor
Wood odor I, II, III Water Not at all Wood chips Strong wood odor
Overall odor intensity I No reference Not at all No reference Very strong




Thickness in spoon III Water Not at all Turkish yogurt Very thick
Flavor
Bitterness I Water Not at all Caffeine taste pad Very strong
Astringency I Water Not at all Tannic acid solution
0.1%
Very astringent
Wood taste I, II, III Water Not at all Wooden stirrer stick Very strong




Aftertaste intensity I, III No reference Not at all Very strong (no
reference)
Wood aftertaste (after spitting out
the sample)
II No reference Not at all Wooden stirrer stick Very strong wood
aftertaste
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GA-stabilized emulsions was clear also in the D[4,3]
and D90 droplet size values (Table 6).
Sensory analysis
As the third food model, we used yogurt with added
rapeseed oil-in-water emulsions, comprising
polyunsaturated lipids to improve the lipid profile,
making it comparable to traditional dairy products.
Again, the main differences between samples
depended on the processing method of hemicelluloses,
namely spray drying or ethanol precipitation. The
yogurts with emulsions stabilized with sGGM and
sGX showed wood-like odor and taste, and their
Fig. 3 Sensory profile of wood hemicellulose and GA solutions (Experiment I)
Table 4 Mean and standard deviation values of the sensory attributes of the evaluated solutions
Attribute sGGM sGX eGGM eGX GA
Opacity 9.0 ± 2.0 b 8.1 ± 1.9 b 1.2 ± 1.3 a 0.6 ± 0.9 a 0.3 ± 0.4 a
Brown color 7.2 ± 1.0 c 8.2 ± 1.1 d 7.5 ± 1.4 c 4.1 ± 0.8 b 2.3 ± 0.9 a
Wood odor 8.4 ± 1.7 c 8.2 ± 1.5 c 3.7 ± 2.5 b 1.2 ± 1.4 a 1.3 ± 2.0 a
Overall odor intensity 8.1 ± 1.5 c 7.7 ± 1.5 c 3.1 ± 1.6 b 1.0 ± 0.6 a 1.2 ± 1.5 a
Astringency 6.6 ± 1.7 c 8.3 ± 1.2 d 4.0 ± 2.4 b 3.0 ± 2.2 b 1.2 ± 0.9 a
Bitterness 6.4 ± 1.7 c 8.2 ± 1.5 d 3.5 ± 2.6 b 2.8 ± 3.0 a,b 1.1 ± 1.2 a
Wood taste 8.7 ± 1.4 c 8.6 ± 1.5 c 4.1 ± 2.3 b 2.6 ± 2.4 a,b 2.0 ± 2.6 a
Aftertaste intensity 7.5 ± 1.9 c 8.5 ± 1.3 c 3.7 ± 2.2 a,b 4.2 ± 3.4 b 1.8 ± 1.7 a
Means of a specific attribute that differ significantly between samples (within a row) are marked with different letters (a–d), with the
lowest value marked with a (Tukey’s test, p\ 0.05)
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aftertaste was rather intense. Ethanol precipitation
greatly decreased the woody flavor. Notably, the
yogurt with eGX-stabilized emulsion had a similar
sensory profile to the sample with GA – there was no
significant wood odor or taste, and the yogurt’s
original strawberry odor and taste remained as intense.
Furthermore, thickness of the yogurts was evaluated,
but there was no difference between the samples
(Fig. 6; Table 7). The thickness evaluation was
supported by viscosity analysis using rheology (data
not shown), which also confirmed that the added
hemicelluloses did not affect the viscosity of the
yogurt.
Fig. 4 Sensory profile of the yogurts with wood hemicellulose and GA solutions (Experiment II). W is control sample with added
water. (Color: 0 = brownish, 10 = pinkish)
Table 5 Mean and standard deviation values of the attributes of the evaluated yogurt samples. W indicates the reference yogurt
sample with added water. (Pink–brown: 10 = pinkish, 0 = brownish)
Attribute  sGGM sGX eGGM eGX GA W
Pink–brown 1.2 ± 1.0 a 2.6 ± 1.0 b 4.4 ± 0.9 c 6.4 ± 0.6 d 7.0 ± 0.7 d 8.3 ± 0.9 e
Wood odor 4.3 ± 2.8 b 4.2 ± 2.5 b 1.5 ± 1.7 a 0.8 ± 1.0 a 1.0 ± 1.6 a 0.6 ± 1.0 a
Strawberry odor 3.8 ± 3.0 a 3.5 ± 2.6 a 4.8 ± 2.2 a,b 6.4 ± 2.1 b 6.3 ± 2.2 b 7.0 ± 2.3 b
Strawberry taste 3.7 ± 2.2 a 3.8 ± 2.3 a 6.2 ± 2.0 b 7.1 ± 1.6 b,c 7.7 ± 1.7 b,c 8.1 ± 1.4 c
Wood taste 6.3 ± 2.3 b 7.3 ± 2.4 b 1.8 ± 1.8 a 0.5 ± 0.6 a 0.7 ± 0.9 a 0.6 ± 1.0 a
Wood aftertaste 6.2 ± 2.6 b 7.4 ± 2.3 b 1.4 ± 1.4 a 0.4 ± 0.7 a 0.7 ± 1.0 a 0.7 ± 1.4 a
Means of a specific attribute that differ significantly between samples (within a row) are marked with different letters (a–d), with the
lowest value marked with a (Tukey’s test, p\ 0.05)
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Discussion
Sensory profile of wood hemicellulose-rich water
solutions
The sensory profile of wood hemicelluloses was
evaluated for the first time to help define their
applicability as food ingredients or additives. Wood
hemicellulose-rich water solutions had typically
brownish color and wood-like odor and taste, which
are likely caused by phenolic compounds that are co-
extracted with hemicelluloses. The spray-dried wood
extracts (sGGM and sGX) were rated as more opaque
and brown, more intense in wood odor and overall
odor, more astringent and bitter, and more intense in
wood taste and overall aftertaste than the correspond-
ing ethanol precipitated wood extracts (eGGM and
eGX). This implies that these sensory characteristics
are strongly contributed by components that were lost
in the ethanol precipitation but remained after spray
drying of the wood extracts. The composition of
sGGM, sGX, eGGM and eGX was previously com-
pared (Mikkonen et al. 2019). The sGGM and sGX
showed clearly higher contents of lignin-derived
phenolic compounds, as well as lignans and other
extractives, than the eGGM and eGX (Mikkonen et al.
2019). In general, phenolic compounds are known for
their bitter taste and astringency (Drewnowski 2001;
Soares et al. 2018). The opaque appearance of the
water solutions can be explained by incomplete
solubility of hemicelluloses in an aqueous system. A
recent study by Bhattarai et al. (2020) showed that
eGGM and sGGM contain two and three size classes
of colloidal particles, respectively.
Processing method (ethanol precipitation vs. spray
drying) had a stronger influence on the sensory profiles
of the water solutions than the origin of the hemicel-
luloses (spruce vs. birch wood). Spruce-derived
sGGM had a rather similar sensory profile as birch-
derived sGX, although sGX was evaluated as slightly
more bitter and astringent than sGGM. Likewise,
spruce-derived eGGM had a similar sensory profile as
birch-derived eGX. However, eGGM was rated as
more intense in brown color, overall odor, and wood
odor than eGX. Among the hemicellulose samples, the
sensory profile of eGX had the least woody notes, and
closely resembled that of the commercial GA.
Fig. 5 Sensory profile of the yogurts containing wood
hemicellulose emulsions (Experiment III). (Color: 0 = brown-
ish, 10 = pinkish)
Table 6 Mean and standard deviation values of the attributes of the evaluated emulsion–yogurt samples. (Color: 10 = pinkish,
0 = brownish)
Attribute  sGGM sGX eGGM eGX GA
Pink–brown 1.8 ± 0.8 a 2.5 ± 0.7 a 4.3 ± 0.7 b 7.1 ± 0.9 c 8.2 ± 1.1 d
Wood odor 5.1 ± 3.1 c 3.8 ± 2.7 b,c 2.8 ± 2.4 a,b 0.7 ± 0.9 a 0.6 ± 1.0 a
Strawberry odor 3.6 ± 2.1 a 3.9 ± 2.1 a,b 4.4 ± 2.3 a,b,c 6.0 ± 2.1 b,c 6.4 ± 2.3 c
Thickness 5.0 ± 1.9 a 3.7 ± 1.4 a 3.6 ± 1.5 a 4.7 ± 2.1 a 4.4 ± 2.0 a
Strawberry taste 4.2 ± 1.6 a 4.3 ± 1.7 a 5.3 ± 2.0 a,b 7.0 ± 2.0 b,c 7.4 ± 1.9 c
Wood taste 6.4 ± 2.9 b 6.2 ± 2.8 b 4.4 ± 3.1 b 1.2 ± 1.3 a 1.2 ± 1.6 a
Aftertaste intensity 5.9 ± 2.1 b 5.6 ± 2.2 b 4.5 ± 2.5 a,b 4.2 ± 2.7 a,b 3.2 ± 2.2 a
Means of a specific attribute that differ significantly between samples (within a row) are marked with different letters (a–d), with the
lowest value marked with a (Tukey’s test, p\ 0.05)
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Model product prototypes
Sensory profiles of strawberry yogurt with hemicellu-
lose solutions followed a similar pattern to the sensory
profiles of the solutions themselves. However, the
yogurt characteristics partially masked the woody
properties of the hemicelluloses, compared to the
water solutions. Since the panel did not consider
bitterness and astringency as important sensory
attributes for the evaluation of the yogurt models,
these attributes were not included in the sensory
profiling of the yogurts. The yogurt matrix may have
reduced the bitterness and astringency that were
notable in the sGGM and sGX water solutions.
Again, the processing method had a stronger effect
on the sensory properties than the origin of the
hemicelluloses. Yogurts with spray-dried hemicellu-
loses (sGGM and sGX) had similar sensory profiles,
which both showed much stronger woody character-
istics (brown color and wood odor, taste, and after-
taste) than either of the samples with ethanol-
precipitated hemicelluloses (eGGM and eGX). In
contrast, the strawberry characteristics of the yogurt
base (pink color and strawberry odor and taste) were
perceived as more intense in eGGM and eGX than in
sGGM and sGX. Thus, the woody characteristics of
sGGM and sGX may have partially masked the
strawberry characteristics of the yogurt.
When hemicelluloses were added to the yogurt
model as an emulsion, the pattern of sensory profiles
was mainly similar to those of yogurts with hemicel-
luloses added as a solution. Again, sGGM and sGX
had obvious woody characteristics, while eGX largely
retained the strawberry notes of the yogurt. However,
in the yogurt with added emulsions, the sensory profile
of eGGM was in between those of sGGM/sGX and
Fig. 6 Droplet size (lm) distribution of emulsions
Table 7 Average droplet sizes (lm) of the emulsions
Sample D [3.2] D [4.3] Dx (90)
sGGM 2.7 ± 0.02 3.7 ± 0.00 5.8 ± 0.01
eGGM 2.8 ± 0.06 3.5 ± 0.02 5.3 ± 0.02
sGX 3.9 ± 0.02 5.5 ± 0.01 8.6 ± 0.02
eGX 3.0 ± 0.01 4.7 ± 0.01 7.8 ± 0.02
GA 12.4 ± 0.06 13.7 ± 0.00 19.6 ± 0.06
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eGX. Compared to yogurts with hemicellulose solu-
tions, the yogurts with hemicellulose emulsions had
higher fat content due to the rapeseed oil. Hemicel-
luloses may be located partially at the oil-droplet
interface and partially in the continuous phase of
emulsions (Bhattarai et al. 2019), which was miscible
with the yogurt matrix.
Results for all three model systems consistently
showed that the sensory profile of eGX was the most
similar to that of GA, which was used as a commercial
comparison sample with a very mild flavor. In yogurt
models, no difference was observed in the sensory
properties between eGX and GA, except in color. This
suggests that eGX is a potential ingredient or additive
in applications where woody sensory characteristics
are not desired.
There was no correlation between the physical and
sensory properties of the studied samples. The amount
of emulsion added was so small that it did not cause
perceivable sensory differences in texture of the
yogurt samples. This finding corresponds to our earlier
work, where we found that solutions and emulsions
with GGM and GX showed rather low viscosity even
at intermediate concentrations (Mikkonen et al.
2016a). However, panelists evaluated the sGGM
sample as the thickest, albeit nominally. The droplet
size distributions and average oil droplet sizes were
similar in all GGM and GX emulsions. Even though
the GA-stabilized emulsions had a larger average
droplet size, the panelists did not find differences
either in oiliness or smoothness while analyzing the
samples qualitatively during the first training session.
Outlook on wood hemicelluloses as novel
hydrocolloids
Since hemicelluloses occur in all terrestrial plant cell
walls, they are part of many common foods such as
cereal grains. Various plant-based side streams are an
increasingly interesting source of natural hydrocol-
loids (Ralla et al. 2018). Isolated wood hemicelluloses
are not traditional food ingredients or additives;
however, similar compounds from other sources such
as guar gum and konjac glucomannan are abundantly
used, and xylans from grains are part of our common
diet. On the other hand, wood-derived vanillin aroma,
glycerol esters of wood rosins (E445), xylitol (E967)
and steryls/stanols are being used as food ingredients
or additives (Pitkänen et al. 2018). The PHWE
extraction of wood saw meal yields samples rich in
hemicelluloses that also contain varying amounts of
co-components, mainly lignin-derived phenolic com-
pounds (Kilpeläinen et al. 2014; Mikkonen et al.
2019). The phenolic compounds are beneficial for the
functionality of hemicelluloses as emulsion stabilizers
(Lehtonen et al. 2018; Mikkonen et al. 2019), but they
also contribute to the sensory profile of hemicellulose-
rich extracts. Wood-like flavor present in sGGM and
sGX (due to the phenolic co-components) could be
exploited in product design for creating new flavors. If
such unique flavor is not desired, it can be largely
removed by ethanol precipitation, especially fromGX,
and masked by the other food constituents. Wood
hemicelluloses are potential stabilizers, for example in
yogurts, beverages, dressings, and desserts (Valoppi
et al. 2019b).
Suggested future studies include determining the
interaction effects of the wood-like flavors of hemi-
celluloses with other various ingredients. In addition,
hedonic tests need to be performed to determine if
products with wood hemicelluloses are acceptable for
consumers.
Conclusions
Sensory profiles of wood GGM and GX were charac-
terized as water solutions and in yogurt models. The
characteristic wood-like flavor, bitter taste, and astrin-
gency were pronounced in spray-dried sGGM and
sGX solutions, which was attributed to the presence of
lignin-derived phenolic compounds. Ethanol precipi-
tation, which removed a large part of phenolic
compounds from the hemicellulose-rich extracts,
reduced the woody flavor. Thus, the hemicellulose
processing method (spray drying vs. ethanol precip-
itation) had a more significant effect on the sensory
profile than the wood source (spruce or birch). The
results support the hypothesis that lignocellulosic co-
components in wood extracts introduce sensory
attributes, which the plain polysaccharides are lack-
ing. Furthermore, the bitterness and astringency were
fully masked when wood hemicellulose solutions or
emulsions were mixed with strawberry yogurt. In
particular, the ethanol-precipitated eGX showed a
similar sensory profile as GA, which was used as a
commercial comparison sample with a mild flavor.
Wood hemicelluloses showed promising sensory
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properties as sustainable novel food ingredients or
additives. The intensity of woody characteristics of
hemicelluloses can be adjusted to meet the needs of
various food applications.
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